Abstract
Introduction
Concerning the thorium content in river waters in Japan, MIYAKE, SUGIMURA and TSUBOTA (1964) previously gave the weighted average of 2.7x10-8 g/1 in ten representative rivers in Japan. Recently MOORE (1967) reported the thorium content of continental waters of 9.8X10-8 g/1 for the Amazon, and 4.4x10-' g/1 for the Mississippi, which is the same order of magnitude as that in Japanese rivers.
With respect to the thorium isotope content in river waters, CHERDYNTSEV et al. (1963 CHERDYNTSEV et al. ( , 1964 and KAZACHEVSKY et al. (1964) reported the average activity ratio of 1.4 for 2"Th/232Th and 1.0 for "sTh/2"Th in Russian rivers. According to MOORE (1967) , 23°Th/mTh ratio is 0 .74 for the Amazon and 1.3 for the Mississippi, and 228Th/2"Th ratio is 1.4 for the Amazon and 1.2 for the Mississippi.
The present report gives the results of determination of the content of thorium isotopes and their activity ratio(23°I.n1/282Th and228Th/"2Th) in water collected at ten main rivers in Japan.
Samples and method of analysis
The name of rivers at which water samples were collected are Ishikari (Hokkaido Island), Mogami, Kitakami, Shinano, Tone, Kiso, Yodo, Asahi (Honshu Island) and Yoshino (Shikoku Island) and Chikugo (Kyushu Island).
Collection of water samples was done in the summer of 1961, 1966, 1967 and fall of 1966 . The locations of the rivers and the sampling sites are shown in Fig. 1 . Sampling sites were selected so as to avoid industrial and urban pollution as well as inflowing sea water .
Analysis of thorium isotopes
Each 500 liters of river water was subjected to the analysis. A water sample was filtered through a membrane filter (Millipore filter HA type). Thorium isotopes were coprecipitated with ferric hydroxide by adding NH4OH solution to the filtrate. In 8 M HNO3 solution, thorium isotopes were retained in a column of Dowex 1 ion exchange resin, after other nuclides and a carrier were eluted using successive washes of 8 M HNO3. Thorium is then eluted from the column with 10 M HCI.
Further purification was done by using a mixed solvent of 5 M HNO3 and CH3OH (1: 9) in a column of Dowex 1 ion exchange resin. Elution of thorium from the resin was done with 1 M HNO3 and finally thorium was electroplated on a silver disk (30 mm dia. and 0.5 mm thick).
Measurement
of alpha-ray intensities of 232Th (32m .98 Mev),"ih (4.61 Mev) and 228Th (5 .42, 5.35 Mev) was done with an alpha-ray spectrometer which consists of a Frisch grid ion chamber or a solid state detector coupled with a multichannel pulseheight analyzer. 234Th, beta-emitter with a half-life of 24.1 days was used as a yield tracer for the chemical separation.
The thorium content in suspended matters was analyzed with the same procedure as in the water analyses after dissolving the suspended matters in HC1, HNO3 and HF and then adding a yield tracer to the solution. the activity ratio of isotope, 230Th/232Th and 22sTh/232Th in river waters collected in 1961 at ten main rivers in Japan in which the concentration of "2Th was reported in the previous report (MIYAKE, SUGIMURA and TSUBOTA, 1964) .
The weighted average values were 2.7x108 g/1 for 232Th, 2.2x 10-" g/1 for 230Th and 3.1x10-" g/l for 228Th. With respect to the activity ratio of thorium isotope, 13±-11 and 1.4±0.38 were obtained respectively for "sTlif'Th and 230Th/232Th.
The results of analysis of thorium content in river waters collected in 1966 and 1967 at eight rivers are summarized in Tables 3 and 4. The weighted averages were 2.7x10-" g/1 for 232Th, 2.8x 10-" g/1 for 230Th and 0.62x 10' g/l for 228Th. The results showed little variation with time in 232Th and 230Th content in river water, but the concentration of 228Th was much smaller than the previous values in 1961 samples. 1973Thorium Isotope Content in River Water in Japan71
Thorium isotopes in suspended matters in river waters:
The concentration of thorium isotopes and the activity ratio of 22811/232Th and 230Th/232Th in suspended matters in river water were shown in Tables 5 and 6 . It is to be noticed that the content of thorium isotope in suspended matter was twice to ten times higher than that in soluble form of thorium in river water. With respect to the activity ratio of 230Th/232Th is 1.4 and 1.3 respectively in 1961 and 1966. While in the suspended matter, the ratio of 230Th/232Th is 0.98 on an average, which is close to the value of 1.0 in the land material in Japan, assuming the ratio of 3 : 2 for the igneous and sedimentary rocks that cover the surface of Japan with 2 ppm of uranium and 6 ppm of thorium as mean contents.
On the other hand, as to the activity ratio of 228Th/232Th in river water, larger values as high as 37 were found in the Kitakami river, with a weighted average of 13±11 in 1961. In the 1966 samples, however, the smaller value of 1.8±0.6 was obtained which suggests the large fluctuation in 228 rin /2"Th ratio in river water.
At any rate, it is to be noticed that the mean content of 228Th in river is higher than the equilibrium value to 232Th. On the other hand, the activity ratio of 228Th/ 232Th in the suspended matter is 1 .3±0.25 ranging from 0.9 to 1.8, which is close to the equilibrium ratio. Generally,228Th/2"Th ratio in the suspended matter is lower than that in soluble form. A similar relationship is reported by the present authors (MIYAKE, SUGIMURA and YASUJIMA, 1970) in sea water and suspended matter in the western North Pacific.
The enrichment of 228Th in river waters occurs by the preferential dissolution of 228Ra , a parent nuclide of 22sTh, from the land material into river waters during the weathering process, and the smaller retention factor in river water of radium than that of thorium (MIYAKE, SUGIMURA and TSUBOTA, 1964) .
